The island of Borneo lies within one of the most biodiverse regions in the world. Despite this, its documented gekkonid diversity is not commensurate with other areas of Southeast Asia. The megadiverse genus Cyrtodactylus is especially underrepresented. Limestone-karst ecosystems, in particular, harbor many endemic Cyrtodactylus species, but only one karst-dwelling species is currently recognized from Borneo. This paper adds two additional karst-dwelling Cyrtodactylus species-C. muluensis sp. nov. and C. limajalur sp. nov.-from Sarawak, Malaysia. Cyrtodactylus muluensis sp. nov. is endemic to Gunung Mulu and is distinguished from its congeners by having a precloacal groove, 31-38 ventral scales, a maximum SVL of at least 88 mm, enlarged subcaudals, 19-20 subdigital lamellae, and a banded dorsal body pattern. Cyrtodactylus limajalur sp. nov. is endemic to the Serian region and is distinguished from its congeners by having 33-42 ventral scales, enlarged subcaudals, a precloacal pit, a maximum SVL of at least 94 mm, 5-6 enlarged femoral scales, 19-22 subdigital lamellae, and five distinct bands on the dorsum. Both species are phylogenetically distinct and deeply divergent from all other congeners. The description of two new karst-dwelling species highlights the need to conserve karst habitats and the endemic species they harbor.
Introduction
The genus Cyrtodactylus is the most speciose group of gekkonids globally, with over 250 species described. They occur as far north and west as Pakistan, Nepal, and India, and as far south and east as the Solomon Islands (Uetz 2018 ). The number of described species continues to rise with many recent Cyrtodactylus descriptions of species inhabiting limestone-karst ecosystems. Between 2016 and 2018, 34 new Cyrtodactylus species were described, of which 27 are endemic to karst ecosystems (Agarwal 2016; Grismer et al. 2016a; 2018a; Luu et al. 2016a; Mecke et al. 2016; Nazarov et al. 2018; Nguyen et al. 2017; Nielsen & Oliver 2017; Oliver et al. 2016; Pauwels et al. 2016; Riyanto et al. 2017) . Despite the high number of Cyrtodactylus species recorded and the rapid rate at which new species are being described, the island of Borneo is largely underrepresented with a mere eight documented species (Das 2005) . Hikida (1990) provided the most recent comprehensive study of Bornean Cyrtodactylus species, in which three new species were described. The reason for the underrepresentation of Bornean Cyrtodactylus species is unknown; however, we expect the apparent lack of diversity within the genus stems from either geographic constraints or insufficient sampling within the region. The recent focus on Cyrtodactylus outside of Borneo has demonstrated a high degree of unrecognized genetic and morphological diversity within the genus (Brennan et al. 2017; Grismer et al. 2018b; Oliver et al. 2018; Tallowin et al. 2018 ). This uptick in species recognition and phylogenetic analyses within the group indicates that further studies of Bornean Cyrtodactylus species may provide similar results.
The low Cyrtodactylus diversity within Borneo may result from the unique geographical history of the island and the associated limestone ecosystems. A terrestrial connection between East and West Malaysia was present
Materials and methods
Morphological analysis. We took the following measurements with a Mitutoyo Vernier Caliper to the nearest 0.1 mm using a Nikon SMZ1000 stereoscopic microscope. Measurements were taken from the ventral surface, and from the left side of the body when possible. The measurements taken were as follows: snout-vent length (SVL); tail length (TL); tail width (TW), taken from the base of the tail just posterior to the postcloacal swelling; forearm length (FL), taken from the posterior margin of the elbow while extended at a 90º angle to the inflection of the flexed wrist; tibia length (TBL) taken from the posterior surface of the knee while bent at a 90º angle to the base of the heel; axilla to groin length (AG), taken from the posterior margin of the forelimb at its insertion point on the body to the anterior margin of the hind limb at its insertion point on the body; head length (HL), taken from the posterior margin of the retroarticular process of the lower jaw to the tip of the snout; head width (HW), taken at the posteriormost portion of the jaw; head depth (HD), taken from the occiput to the throat; eye diameter (ED), taken from the anteriormost portion of the eye to the posteriormost portion; ear length (EL), taken from anteriormost portion of ear opening to posteriormost portion of ear opening; eye to ear distance (EE), taken from the posteriormost portion of the eye to the anteriormost portion of the ear opening; eye to snout distance (ES), taken from the anteriormost portion of the eye to the tip of the snout; eye to nostril distance (EN), measured from the anteriormost portion of the eye to the posteriormost portion of the external nares; inner orbital distance (IO), taken from the thinnest portion of orbit. Meristic and other character states taken from the type series were as follows: numbers of supralabial and infralabial scales counted from the largest scale immediately posterior to the dorsal inflection of the posterior portion of the upper jaw to the rostral and mental scales, respectively; the degree of body tuberculation-weak tuberculation referring to dorsal body tubercles that are low and rounded whereas prominent tuberculation refers to tubercles that are raised and keeled; the presence or absence of tubercles on the dorsal and ventral margins of the forearm; the number of paravertebral tubercles between limb insertions counted transversely across the center of the dorsum from one ventrolateral fold to the other; the presence or absence of tubercles in the gular region and ventrolateral body folds; the number of longitudinal rows of ventral scales counted transversely across the center of the abdomen from one ventrolateral fold to the other; the number of subdigital lamellae beneath the fourth toe counted from the base of the first phalanx to the claw; the total number of femoro-precloacal pores; the degree and arrangement of body tuberculation; the number of dark body bands between the nuchal loop and the caudal constriction; the width of the body bands relative to the width of the interspace between the bands; and the presence or absence of a band outlined in white. Morphological characteristics were compared in 96 specimens across 19 Cyrtodactylus species within Sundaland (Appendix). Specimens examined were from the following collections: California Academy of Sciences (CAS); Field Museum of Natural History, Chicago, USA (FMNH); Lee Kong Chian Natural History Museum, Singapore (ZRC); and La Sierra University Herpetology Collection, Riverside, USA (LSUHC).
Molecular data. We isolated genomic DNA from liver or tail tips stored in 95% ethanol using the extraction protocol described in Aljanabi and Martinez (1997) . The mitochondrial ND2 and nuclear RAG1 loci were amplified using a double-stranded Polymerase Chain Reaction (PCR) under the following conditions: 2.5 ml 5X buffer, 2.5 ml 10X buffer, 2.5 ml dinucleotide pairs, 2.5 ml forward and reverse primer, 0.18 ml Taq polymerase, 9.82 ml ultra-pure H2O, and 2.5 ml of DNA for a total of 25.0 ml. PCR reactions were executed on an Eppendorf Mastercycler gradient thermocycler under the following conditions (ND2/RAG1): initial denaturation at 95ºC for 35 s, annealing at 50º/55º for 35 s, and a cycle extension at 72º for 35 s, for a total of 34 cycles. All PCR products were viewed on a 1.0% agarose gel electrophoresis. Successful PCR products were purified using a home-made magnetic bead solution (Rohland & Reich 2012) and sequenced using the ABI Big-Dye Terminator v3.1 Cycle Sequencing Kit on an Eppendorf Mastercycler gradient thermocycler. Cycle sequencing reactions were purified using an in-house protocol and sequenced on an ABI 3730xl DNA Analyzer.
Sequences were uploaded to Geneious © v11.1.2 (Kearse et al. 2012) for alignment and to check the quality of the sequences by searching for miscalled bases and heterozygotes. Sequences were aligned using MUSCLE (Edgar 2004) . The ND2 alignment consisted of 1554 bp and the RAG1 alignment consisted of 1058 bp. Primers used for amplification and sequencing are presented in Table 1 . Forward and reverse sequences that formed contigs were aligned and edited when necessary. Outgroup selection for the phylogenetic inference was based on prior, more comprehensive phylogenetic trees incorporating Cyrtodactylus (Gamble et al. 2015; Wood et al. 2012) . Maximum Likelihood (ML) and Bayesian Inference (BI) analyses were incorporated to determine the phylogenetic placement for the new species. The ND2 and RAG1 sequences were concatenated and analyzed using ML and BI. We partitioned the dataset using PartitionFinder v2.1.1 with the greedy algorithm and BIC. The ML tree was generated in IQ-TREE (Nguyen et al. 2015) . ModelFinder calculated the best-fit model evolutionary model using BIC to be K3Pu+F+R4, and 1000 ultrafast bootstrap pseudoreplicates were utilized (Hoang et al. 2017; Kalyaanamoorthy et al. 2017) . Nodes having ML UFBoot2 (UF) values of 95 and above were considered significantly supported. The BI tree was generated using MrBayes v3.2.6 on XSEDE (Miller et al. 2010; Ronquist & Huelsenbeck 2003) with partitions founded with PartitionFinder 2 (Lanfear et al. 2017) . The tree was generated running 10 million generations sampling every 1000 trees and discarding the first 25% as burnin. We assessed the convergence of the BI analysis using Tracer v1.6.0 (Rambaut et al. 2007 ) by checking for ESS scores > 200. The 32 newly generated sequences are available on GenBank ( Table 2) . All sequences and locality data are shown in Table 2 . Corresponding tissues are catalogued at the Department of Biology, Villanova University, Villanova, PA.
Results
Cyrtodactylus muluensis sp. nov. Mulu Bent-Toed Gecko Holotype (Fig.1 ). Adult male, CAS 262983 collected from Lang Cave, Mulu National Park, Sarawak, East Malaysia. (04°1'34.34"N; 114°49'26.77"E; 155 m; WGS 1984) , collected by Izneil Nashriq and Hayden Davis on July 21, 2017 at 20:00-22:00 hrs. & 2) ) have the same collection data as the holotype. Paratypes CAS 262995-262997 were collected from the karst surfaces situated between Clearwater Cave and Long Cave (04°3'47.048"N; 114°49'50.60"E; 205 m; WGS 1984), on July 23, 2017.
Diagnosis. Cyrtodactylus muluensis sp. nov. can be differentiated from all other species of Cyrtodactylus by the combination of the following characters: maximum SVL of at least 88 mm; 10-13 supralabials; 8-11 infralabials; weak tuberculation on body; no tubercles on ventral surface of forelimbs, gular region, or ventrolateral folds; 33-54 paravertebral tubercles; 13-15 longitudinal tubercle rows; 33-42 ventral scales; 19-22 subdigital lamellae on fourth toe; 5 femoro-precloacal pores; enlarged median row of transverse scales; shallow precloacal groove in males; 5-8 dark dorsal body bands; body bands as wide as or slightly wider than interspaces; no rostral chevron; no white line edging the body bands and nuchal loop; banding pattern on dorsal side of body; no scattered white tubercles on dorsum; and nine dark caudal bands on original tail. These characters are scored across all currently described Bornean Cyrtodactylus species in Table 3 .
Description of holotype. Adult male; 75.3 mm SVL; 98.6 mm TL; head large, moderate in length (HL/SVL 0.29), wide (HW/HL 0.62), slightly flattened (HD/HL 0.38), distinct from neck, triangular in dorsal profile; loreal scales slightly concave posteriorly, flat anteriorly; frontal and prefrontal regions concave; canthus rostralis rounded; snout elongate (ES/HL 0.44), rounded in dorsal profile, laterally constricted; eye large (ED/HL 0.25); ear opening elliptical, moderate in size (EL/HL 0.08), obliquely oriented; eye to ear distance greater than diameter of eye; rostral scale rectangular, divided dorsally by an inverted Y-shaped furrow, no postnasal scale, one medial postrostralis (internasal), bordered laterally by first supralabials; external nares bordered anteriorly by rostral, ventrally by first supralabial; 12 (L/R) rectangular supralabials extending to the upturn of the labial margin, tapering abruptly directly below midpoint of eye; first supralabial largest; 12 (L/R) infralabials extending to the upturn of the labial margin, tapering abruptly directly below midpoint of eye; rostral and loreal scales weakly raised, same size as scales on top of head, occiput, and canthus rostralis; no tubercles on occiput or interorbital region; bony ridge bordering the orbital rim; transverse frontoparietal ridge; 36/38 (L/R) supracilliary scales, elongate, smooth, largest anteriorly; mental triangular, bordered laterally by first infralabials and posteriorly by left and right rectangular postmentals which contact medially for approximately 40% of their length, forming a Yshape; single row of slightly enlarged, elongate chinshields extending posteriorly to sixth infralabial scale; small, flat gular scales gradually grading posteriorly into larger, flat, smooth pectoral and ventral scales.
Body with distinct, non-tuberculate ventrolateral folds; dorsal scales small, granular interspersed with low, regularly arranged keeled tubercles; small intervening tubercles occasionally present; tubercles extend from top of head to caudal constriction, and onto anterior one-fifth of tail; tubercles on occiput and nape small, those on posterior portion of body largest; approximately 15 longitudinal rows of tubercles slightly posterior of midbody; 43 paravertebral tubercles; 37 flat imbricate ventral scales between ventrolateral body folds; ventral scales larger than dorsal scales; precloacal scales smooth, slightly larger than ventral scales; moderately deep precloacal groove.
Forelimbs relatively short (FL/SVL 0.16); scales on preaxial surface of forelimbs small, tubercles absent; scales on postaxial surface flat, subimbricate, tubercles absent; palmar scales weakly rounded; digits well developed, inflected at basal interphalangeal joints; 19/18 (L/R) subdigital lamellae on fourth finger, rectangular, broadly expanded proximal to joint inflection, slightly expanded immediately distal to joint becoming gradually more expanded near the claw; claws well-developed, relatively short; hind limbs more robust than forelimbs, moderate in length (TBL/SVL 0.20); postaxial thigh scales flat, smooth, slightly larger than dorsal granular scales; postaxial tibial scales flat, smooth; expanded femoral scales absent; 3/2 (L/R) pore-bearing precloacal scales; precloacal scales expanded forming an inverted T bearing a moderately deep precloacal groove in which porebearing scales are absent; plantar scales slightly raised; digits well developed, inflected at basal, interphalangeal joints; 20 (L/R) subdigital lamellae on fourth toe rectangular, broadly expanded proximal to joint inflection, slightly expanded immediately distal to joint becoming gradually more expanded near the claw.
Tail original, 98.6 mm long, 5.9 mm wide at base, tapering to a point distally; dorsal scales flat, squarish; subcaudal region bearing enlarged median row of transverse scales; no caudal furrow; base of tail forming hemipenal swelling; and 4/6 cloacal spurs on left/right of hemipenal swelling, respectively, one tubercle substantially larger than the others on both sides.
Coloration in life. Dorsum of head, body, limbs, and tail greyish-brown; no V-shaped line on rostrum; wide dark-brown nuchal loop that extends to the tip of the snout, edged by white line; seven dark-brown bands between nuchal loop and the posterior portion of the hindlimb insertion, each edged anteriorly and posteriorly by thin darkbrown lines; body bands wider than interspaces; limbs with light-brown band/blotch pattern; ventral portion of body bearing uniform light cream color; tail bearing nine dark bands separated by nine, narrower grey bands dorsally, uniform beige coloration ventrally.
Variation (Fig. 1 & 2) . The paratypes are very similar to the holotype in coloration and pattern. In life, the coloration varied due to apparent substrate matching with those on karst bearing a light grey coloration with dark banding, and those on wood and vines bearing a light brown coloration with dark banding. Preserved, CAS 262985 displays lighter coloration than the holotype, with less well-defined banding, and little to no dark coloration on the top of the head; CAS 262985 displays darker coloration than the holotype. The juvenile specimen (CAS 262995) has white bands separating the dark bands on the tail, and tan coloration on the ventral surface of the body.
Distribution. Cyrtodactylus muluensis sp. nov. is known from the Clearwater Cave, Long Cave, and Lang Cave within Mulu National Park, Sarawak, East Malaysia. The Clearwater Cave and Long Cave are on the same karst peak ~1 km apart. The Mulu area has a high concentration of limestone karst formations, most of which were not surveyed over the course of our work (Fig. 3) .
Etymology. The specific epithet muluensis is in reference to the type locality, Gunung Mulu National Park. As this is the first endemic gekkonid described from Gunung Mulu, the name muluensis is fitting.
Natural history. All specimens of Cyrtodactylus muluensis sp. nov. were collected between 1900 and 2200 hours on karst surfaces and thin vines and branches (Fig. 4) . Lizards were found on both vegetation and karst walls, however, there was higher concentration near the cave openings, indicating that the species may find refuge inside of the caves during the daylight hours. All specimens were collected within 5 m of a karst structure. Only one specimen was collected from the inside of a cave; the specimen was approximately 10 m inside the cave entrance and 4 m up from the ground in the grooves of a stalagmite at Lang Cave. No female specimens were gravid; however, one hatchling was collected.
The expansive primary forest at Mulu National Park contains a high concentration of karst massifs. Gua Lang is located ~1 km from the Melinau Paku River. Clearwater Cave and Long Cave are on the river with the openings of each cave roughly 100 m from the riverbank.
The lizards were relatively common, especially on wooden walkways leading to the caves. They were quick to react when approached, and two of the specimens of the type series have regenerated tails. They occur sympatrically with Cyrtodactylus consobrinus (Peters) and C. cf. pubisulcus, however, C. consobrinus was seen almost exclusively on large tree trunks and C. cf. pubisulcus was almost exclusively on low-lying vegetation, indicating that they may not be syntopic with one another.
Comparison. Cyrtodactylus muluensis sp. nov. differs from all its Bornean congeners by one or more morphological characteristics. The new species is distinguished from C. baluensis (Mocquard) by having a precloacal groove as opposed to a precloacal pit, and a distinct banding pattern as opposed to bands and blotches; it is distinguished from C. cavernicolus by having a lower number of ventral scales (31-38 versus 51-58), fewer subdigital lamellae on the fourth toe (19-22 versus 22-26) , and distinct dorsal bands as opposed to dorsal bands and blotches; it is distinguished from C. consobrinus by having a smaller adult maximum SVL (88 mm versus 125 mm), and no white reticulated pattern on occiput; it is distinguished from C. ingeri Hikida by having a precloacal groove as opposed to no depression, and a distinct banding pattern as opposed to bands and blotches; it is distinguished from C. malayanus (de Rooij) by having a lower number of ventral scales (33-42 versus 58-62), and no tubercles on the upper arm; it is distinguished from C. matsuii Hikida by having a lower maximum SVL (88 mm versus 105 mm), enlarged subcaudals, and a lower number of ventral scales (33-42 versus 48-51); it is distinguished from C. pubisulcus Inger by having a larger maximum SVL (88 mm versus 74 mm), and a distinct banding pattern as opposed to primarily blotches; and it is distinguished from C. yoshii Hikida by having fewer subdigital lamellae (19-22 versus 25-30), enlarged subcaudals, and a lower number of ventral scales (33-42 versus 50-58).
Cyrtodactylus limajalur sp. nov.
Five-banded Bent-toed Gecko Holotype (Fig. 5 ). Adult male, CAS 262848 collected near Kampung Tubih Mawang, Serian, Sarawak, East Malaysia. (01°17'47.62"N; 110°26'33.00"E; 88 m; WGS 1984) by Izneil Nashriq and Hayden Davis on August 06, 2017 at 20:00-22:00 hrs (Fig. 1) .
Paratypes. Paratypes (CAS 262846; CAS 262847; and CAS262849) ( Fig. 5) have the same collection data as the holotype.
Diagnosis. Cyrtodactylus limajalur sp. nov. can be differentiated from all other species of Cyrtodactylus by the combination of the following characters: maximum SVL of at least 94 mm; 10-12 supralabials; 9-11 infralabials; weak tuberculation on body; no tubercles on ventral surface of forelimbs, gular region, or ventrolateral folds; 34-38 paravertebral tubercles; 11-13 longitudinal tubercle rows; 33-42 ventral scales; 19-22 subdigital lamellae on fourth toe; 5-6 enlarged femoral scales; no femoral pores; 7-8 precloacal pores; precloacal pit in males; enlarged median row of transverse scales; 5 dark dorsal body bands; body bands more than two times the width of interspaces; rostral chevron just posterior to orbitals; no white line edging the body bands and nuchal loop; and no scattered white tubercles on dorsum. These characters are scored across all currently recorded Bornean Cyrtodactylus species in Table 3 .
Description of holotype. Adult male; 90.8 mm SVL; head large, moderate in length (HL/SVL 0.28), relatively narrow (HW/HL 0.46), moderately flattened (HD/HL 0.36), distinct from neck, triangular in dorsal profile; loreal scales slightly concave posteriorly, flat anteriorly; frontal and prefrontal regions concave; canthus rostralis rounded; snout elongate (ES/HL 0.44), rounded in dorsal profile, laterally constricted; eye large (ED/HL 0.27); ear opening elliptical, moderate in size (EL/HL 0.10), obliquely oriented; eye to ear distance less than diameter of eye; rostral scale rectangular, partially divided dorsally by line extending from the posteriormost portion of the rostral scale to approximately half the distance anteriorly, two postnasal scales, one medial postrostralis (internasal), bordered laterally by first supralabials; external nares bordered anteriorly by rostral, ventrally by first supralabial; 12/10 (L/R) rectangular supralabials extending to the upturn of the labial margin, tapering abruptly directly below midpoint of eye; first supralabial largest; 9/11 (L/R) infralabials extending to the upturn of the labial margin, tapering abruptly directly below midpoint of eye; loreal scales weakly raised, same size as scales on top of head, occiput, and canthus rostralis; no tubercles on occiput or interorbital region; bony ridge bordering the orbital rim; transverse frontoparietal ridge; 38/34 (L/R) supracilliary scales, elongate, smooth, largest anteriorly; mental triangular, bordered laterally by first infralabials and posteriorly by left and right rectangular postmentals which contact medially for 40% of their length, forming a Y-shape; single row of slightly enlarged, elongate chinshields extending posteriorly to sixth infralabial scale; small, flat gular scales gradually grading posteriorly into larger, flat, smooth pectoral and ventral scales.
Body with distinct, non-tuberculate ventrolateral folds; dorsal scales small, granular interspersed with low, regularly arranged smooth tubercles; small intervening tubercles occasionally present; tubercles extend from top of head to caudal constriction, and onto anterior one-fifth of tail; tubercles on occiput and nape small, those on posterior portion of body largest; approximately 13 longitudinal rows of tubercles slightly posterior of midbody; 38 paravertebral tubercles; 42 flat imbricate ventral scales between ventrolateral body folds; ventral scales larger than dorsal scales; precloacal scales with 5/3 (L/R) pores, slightly larger than ventral scales; shallow precloacal pit. Forelimbs relatively short (FL/SVL 0.17); scales on preaxial surface of forelimbs small, tubercles absent; scales on postaxial surface flat, tubercles absent; palmar scales weakly rounded; digits well developed, inflected at basal interphalangeal joints; 22/21 (L/R) subdigital lamellae on fourth toe rectangular, broadly expanded proximal to joint inflection, slightly expanded immediately distal to joint becoming gradually more expanded near the claw; claws well-developed, relatively short; hind limbs more robust than forelimbs, moderate in length (TBL/SVL 0.20); postaxial thigh scales flat, smooth, slightly larger than dorsal granular scales; ventral tibial scales flat, smooth; 8/6 (L/R) expanded femoral scales; expanded precloacal scales; 7 pore-bearing precloacal scales; precloacal scales expanded, forming pit; plantar scales slightly raised; digits well developed, inflected at basal, interphalangeal joints; 20/21 (L/R) subdigital lamellae on fourth toe rectangular, broadly expanded proximal to joint inflection, slightly expanded immediately distal to joint becoming gradually more expanded near the claw.
Tail regenerated from base, 114.0 mm long, 6.6 mm wide at base, tapering to a point distally; dorsal scales flat, squarish; subcaudal region bearing enlarged median row of transverse scales; no caudal furrow; base of tail forming hemipenal swelling; and 3/2 (L/R) cloacal spurs. Coloration in life. Dorsum of head, body, limbs, and tail greyish-brown; V-shaped line on rostrum; wide darkbrown nuchal loop that extends to the tip of the snout, edged by white line; five dark-brown bands between nuchal loop and the posterior portion of the limb insertion, edged anteriorly and posteriorly by thin dark-brown lines; body bands at least two times wider than interspaces; front limbs with light-brown blotch pattern; hind limbs with two dark bands separated by white interspaces; ventral portion of body bearing uniform light cream color; tail regenerated bearing four white spots on the anterior half, light grey dorsal and ventral coloration.
Variation. The paratypes are very similar to the holotype in coloration and pattern (Table 4 ). CAS 262846 and CAS 262847 displays reduced dorsal tuberculation, particularly on the anterior half of the body; CAS 262849 has one less precloacal pore with 4/3 (L/R), a less well-defined rostral V-pattern, and no chevron posterior to the orbitals (Figs. 5 & 6) .
Distribution. Cyrtodactylus limajalur sp. nov. is only known from an isolated karst massif in the greater Serian area in southwestern Sarawak. The Serian area has a high concentration of large, isolated karst massifs (Wilford, 1964) . Cyrtodactylus limajalur sp. nov. was collected from a karst massif approximately one kilometer from a main road. Surrounding formations were not sampled due to inaccessibility, indicating the possibility that this species inhabits other surrounding karst formations (Fig. 4) .
Etymology. The specific epithet limajalur is in reference to the banding pattern of the species. "Lima jalur" loosely translated from Malay is five-banded. Cyrtodactylus limajalur sp. nov. has a very distinct banding pattern that is consistently comprised of five bands. This species is the first Bornean Cyrtodactylus species that displays a consistent banding pattern, without blotches or other markings.
Natural history. All specimens of Cyrtodactylus limajalur sp. nov. were collected between 19:00 and 22:00 hours on large karst boulders at the base of a large limestone face. No female specimens were gravid. They occur sympatrically with Cyrtodactylus consobrinus and C. pubisulcus, however, C. consobrinus was seen almost exclusively on large tree trunks and C. pubisulcus was only found on low-lying vegetation, indicating that they may not be syntopic with C. limajalur sp. nov.
There were no noticeable cave entrances on the karst massif. All specimens were collected within approximately ~5 m 2 of each other, however, there did not appear to be anything different or significant about that specific location.
All of the specimens comprising the type series had regenerated tails. However, the tails were all fully regenerated indicating that the species may experience higher rates of predation at earlier stages in life. Comparison. Cyrtodactylus limajalur sp. nov. differs from all its Bornean congeners by one or more morphological characteristics. The new species is distinguished from C. baluensis by having a distinct banding pattern as opposed to bands and blotches; it is distinguished from C. cavernicolus by having a lower number of ventral scales (33-42 versus 51-58), enlarged subcaudals, and a precloacal pit as opposed to a precloacal groove; it is distinguished from C. consobrinus by having a smaller adult maximum SVL (94 mm versus 125 mm), and no white reticulated pattern on occiput; it is distinguished from C. ingeri by having a precloacal pit as opposed to no depression, 5-6 enlarged femoral scales as opposed to none, and a distinct banding pattern as opposed to bands and blotches; it is distinguished from C. malayanus by having no tubercles on the upper arm, and a lower number of ventral scales (33-42 versus 58-62); it is distinguished from C. matsuii by having enlarged subcaudals, 5-6 enlarged femoral scales as opposed to none, and a smaller maximum SVL (94 mm versus 105 mm); it is distinguished from C. pubisulcus by having enlarged subcaudals, 5-6 enlarged femoral scales as opposed to none, and a precloacal pit as opposed to a precloacal groove; and it is distinguished from C. yoshii by having no tubercles on the upper arm, a lower number of ventral scales (33-42 versus 50-58), a lower number of subdigital lamellae (19-22 versus 25-30), and 5-6 enlarged femoral scales as opposed to none. Phylogenetic analyses. The ML tree shown herein corroborates the morphological data distinguishing the two lineages as new species (Fig. 7) . The ML analysis places both C. limajalur sp. nov. and C. muluensis sp. nov. in separate deeply divergent clades with both being distinct from C. cavernicolus sensu stricto, as previously suggested. Cyrtodactylus muluensis sp. nov. is well supported as the sister species to C. pubisulcus sensu stricto, another Bornean endemic. Furthermore, C. muluensis sp. nov. is embedded within the monophyletic group of primarily Philippine endemics, including C. philippinicus, C. redimiculus, C. jambangan, C. tautborum, and the C. agusanensis species complex. Nodal support is lacking for some of the noted relationships: C. pubisulcus and C. baluensis as outgroups to the monophyly containing C. muluensis sp. nov.; C. redimiculus as the nearest outgroup to the C. muluensis sp. nov., C. pubisulcus sensu stricto, C. aurensis, and C. cavernicolus monophyly; and the sister clade relationship between the C. muluensis sp. nov. group and the C. agusanensis clade; but there is strong support for the deepest node forming the Philippine clade. The phylogeny has strong support (92/1.00) for designating C. muluensis sp. nov. as a distinct lineage. The two subclades demonstrated within the C. muluensis sp. nov. clade correlate with the karst formation in which they were found in. The clade comprised of specimens CAS 262995-262997 originated from the karst formation around the Clearwater Cave, and the specimens in the other subclade were from the karst formation around the Lang Cave. No morphological differences were found between the individuals in the two subclades Cyrtodactylus limajalur sp. nov. forms a clade that is well supported (99/0.99) as the sister species to the C. consobrinus/malayanus group. While these latter two species are difficult to distinguish from one another morphologically (Hikida 1991; references therein), they are well-supported as phylogenetically distinct lineages based on the concatenated dataset. Regardless, C. limajalur sp. nov. has strong support for its designation as a new species.
Discussion
Karst-dwelling Cyrtodactylus species are being described at a rapid rate throughout Southeast Asia, yet the diversity in Borneo is not well understood, especially within karst ecosystems. Cyrtodactylus muluensis sp. nov. and C. limajalur sp. nov. represent only the second and third karst-endemic Cyrtodactylus species from Borneo, with the first being C. cavernicolus. It is yet to be determined whether the low level of diversity and endemism in Cyrtodactylus in Borneo stems from insufficient sampling or its particular biogeographic history. The results herein indicate that further sampling will expose unknown diversity on the island. Kalimantan, Indonesia which comprises the largest portion of the island is in particular need of collection-based expeditions, as some of the only publicly available sequences are presented in this paper. Recognized Cyrtodactylus diversity has increased substantially in the past few years due to an increased focus on karst ecosystems throughout Southeast Asia. To better understand the reason for the relatively low amount of Cyrtodactylus diversity in Borneo, more studies should be concentrated within limestone ecosystems. While accessibility to many karst massifs remains limited, the highly concentrated karst regions of Bau, Serian, and Mulu are accessible and in need of further studies (Hutchison 2005; Wilford 1964 ). FIGURE 7. ML tree of Bornean Cyrtodactylus and their closely related congeners. Phylogenetic position of C. limajalur sp. nov. and C. muluensis sp. nov. is indicated by the purple and green boxes, respectively. Black circles at the node denote UF values of 95 or greater and posterior probabilities of 0.95 or greater. White circles at the node denote nodes at which either the UF or posterior probability demonstrated support, but not both.
The current phylogenetic hypothesis (Fig. 7) places C. limajalur sp. nov. and C. muluensis sp. nov. in separate monophyletic groups, nested within Borneo and Philippine species, respectively. Wood et al. (2012) designated a Philippine clade, but no specific Bornean clade; the phylogeny presented herein corroborates this clade assignment. Cyrtodactylus muluensis sp. nov. is nested within a group of nearly all Philippine endemics, apart from C. pubisulcus and C. cavernicolus. This indicates that Philippines taxa may have recolonized Borneo, however, additional studies are needed to support this hypothesis. Cyrtodactylus muluensis sp. nov. demonstrates a sister relationship with the C. malayanus/consobrinus group. Cyrtodactylus malayanus is considered a Bornean endemic while C. consobrinus has a range extending into Peninsular Malaysia, the phylogeny includes representatives from both regions (Fig. 7) .
The lack of a collective monophyly of C. cavernicolus, C. muluensis sp. nov., and C. limajalur sp. nov. provides further support for the repeated evolution of karst-dwelling species. Grismer et al. (2016) demonstrated multiple cases of convergent evolution within karst formations in Peninsular Malaysia, with four separate clades containing karst-dwelling species. The phylogeny presented herein (Fig. 7) supports the non-sister relationship amongst karst-dwelling species by having three clades demonstrating independent evolution in Bornean karst.
Karst formations are continually exploited for the use of limestone in cement production and other commercial practices (Clements et al. 2006 ). In Sarawak, many of the formations that have yet to be explored face threat of being quarried, potentially threatening undiscovered endemic species. Mulu and Niah are well-protected due to their World Heritage status, but many additional formations in Bau, Serian, and other regions remain unprotected, with a proposal for protection as a UNESCO Sarawak Delta Geopark currently under review. Studying limestone ecosystems and understanding the reason for the lack of Cyrtodactylus diversity may prove instrumental in understanding Borneo's role in the evolutionary history of Cyrtodactylus and other genera.
